The Camelot local fauna, a new fossil locality in southeastern South Carolina, has yielded a spectacularly abundant and well-preserved late Irvingtonian (ca. 400 ka) megafauna, including saber-toothed cat (Smilodon fatalis), wolf (Canis armbrusteri), cheetah (Miracinonyx inexpectatus), ''camels'' (Hemiauchenia macrocephala and Paleolama mirifica), tapir (Tapirus veroensis), deer (Odocoileus virginianus), sloth (Megalonyx jeffersoni), and horse (Equus sp.). Of particular interest is the number of well-preserved fossil teeth and the ability to decipher paleoecologies and paleodiets, especially for carnivores, by using carbon isotope compositions (␦ 13 C) of these teeth. 
INTRODUCTION
A new megafauna fossil locality, the Camelot local fauna, has been discovered near Harleyville, Dorchester County, South Carolina, United States ( Fig. 1) , and has proved significant for several reasons. First, the site is one of the most productive and diverse middle Pleistocene sites in eastern North America outside of Florida, and it contains some of the best-preserved examples of specific taxa such as saber-toothed cats (Smilodon fatalis) outside of the La Brea tar pits, California. Second, the age of the fauna (late Irvingtonian, or ca. 400 ka, as determined biostratigraphically and by stratigraphic inference) corresponds to the last time in Earth's history that insolation closely matched modern values, so that paleoclimate and paleoecology should be most comparable to modern conditions before human influences (e.g., Droxler et al., 2003) .
Most important for this study, the site has yielded sufficient numbers of teeth that multiple carbon and oxygen isotope analyses could be collected on both herbivores and carnivores to determine feeding ecologies. Destructive analysis of fossil carnivore teeth is rarely permitted because they are uncommon and particularly valuable for paleontological studies. Consequently, in this study we were able to provide important constraints not only on what local habitats existed and how they compared with modern conditions in South Carolina, but also how different herbivores and carnivores partitioned those habitats. Previous studies have made progress in understanding the feeding ecology of many of these species, both herbivorous and carnivorous (e.g., Koch et al., 1998; Feranec and MacFadden, 2000; Feranec, 2003 Feranec, , 2004 Palmqvist et al., 2003; Coltrain et al., 2004) . However, in past investigations of S. fatalis and Canis sp., the paleohabitats that were present did not include isotopically distinct C 4 grasslands, and consequently interpretation of habitat use by these carnivores was equivocal. For example, Coltrain et al. (2004) could conclude that S. fatalis consumed ruminants, but not where those ruminants lived. Our data are unique in clearly demonstrating a preference by S. fatalis and C. armbrusteri for forests and marginal woodland-grassland areas.
STABLE ISOTOPES OF TEETH
Teeth contain biogenic Ca-phosphate with a major substitution of CO 3 for PO 4 and OH groups. Stable isotope compositions of biogenic tissues have been reviewed several times (e.g., Koch, 1998; MacFadden, 2000; Kohn and Cerling, 2002) and, generally speaking, ''you are what you eat''; i.e., the isotope composition of whatever you eat plus several physiological and fractionation factors define your isotope composition. For carbon, different plants have different ␦ 13 C values, and this isotopic discrimination is passed on to their consumers. Virtually all dicots (e.g., trees, shrubs, herbs) and many cool-climate monocots (grasses) use the C 3 photosynthetic pathway and have low ␦ 13 C values of ϳϪ25‰ to Ϫ30‰ (Vienna Peedee belemnite standard [VPDB]), whereas many warmclimate monocots use the C 4 photosynthetic pathway and have high ␦ 13 C values of ϳϪ11‰ to Ϫ13‰ (VPDB). The larger isotopic range for C 3 plants in part reflects ecosystem specifics; e.g., closed-canopy forests have the lowest ␦ 13 C values, reflecting carbon recycling of leaf litter.
Today, South Carolina exhibits mixed habitats from open grassland to closed-canopy forest, and native grass genera are roughly 50:50 C 3 vs. C 4 varieties (Leithead et al., 1971) . For wild herbivores, the isotopic offset between tooth enamel and diet is ϳϩ14‰ (Cerling and Harris, 1999) . Consequently, accounting for an ϳ1.5‰ decrease in ␦ 13 C due to recent fossil fuel burning (Friedli et al., 1986) , we expect isotopic compositions of fossil herbivore tooth enamel to be ՅϳϪ14‰ for closed-canopy occupancy vs. ϳϪ12‰ for normal woodland (Passey et al., 2002) . Consumption of grass (mixed C 3 ϩ C 4 ) would impart values ՆϳϪ9‰, and exclusive (C 3 ϩ C 4 ) grassland occupancy would yield average values of ϳϪ5‰. Carnivores have a ␦ 13 C offset of ϳϩ2‰-3‰ relative to their prey (e.g., Gröcke, 1997; Koch, 1998) , but the internal fractionation of apatite relative to other body tissues is ϳ3‰ smaller (Lee- Thorp et al., 1989; Gröcke, 1997) , yielding an ϳϩ13‰-14‰ offset relative to habitat, i.e., boundaries for closed-canopy, woodland, and at least partial grassland occupancy at ϳϪ14‰ to Ϫ15‰, Ϫ9‰ to Ϫ10‰, and Ϫ5‰ to Ϫ6‰, respectively.
A final complication of stable isotopes in teeth is that enamel is preferred for analysis because it is least susceptible to diagenetic alteration, yet it mineralizes progressively along the length of the tooth. Diet and climate change seasonally, so enamel is isotopically zoned, with low vs. high ␦ 18 O values in the winter vs. summer (e.g., Kohn and Cerling, 2002) . Because of how we sample teeth , a range of compositions is retrieved, reflecting seasonal changes in climate and diet. There has been little comparison of this intratooth compositional variability vs. interindividual compositions, which could affect the number of teeth required to obtain reliable paleoecological restorations. For example, Clementz and Koch (2001) found large ␦ 13 C and ␦ 18 O differences among M3 teeth of deer from central coastal California (ϳϮ1.5‰, 1), which might be interpreted to mean that different individuals have rather different compositions, and that many teeth must be sampled to be representative. However, (1) large deer have an ϳ1.5 yr range in the time of M3 appearance (Kierdorf and Kierdorf, 2000) , (2) the total mineralization interval for M3 tooth enamel is likely only a few months, and (3) the seasonal isotopic range in meteoric water ␦ 18 O is several per mil for coastal California (International Atomic Energy Agency, 1992) . Consequently, the isotopic variation observed by Clementz and Koch (2001) may reflect differences in tooth mineralization time among individuals that in fact share similar compositions. This view is consistent with the minimally destructive sampling approach used in this study.
SAMPLES AND ANALYSIS
Samples were obtained from fluvial gravel deposits overlying Eocene limestone. The faunal assemblage closely matches that of the late Irvingtonian Coleman 2A site in Florida, including such key species as Sigmodon bakeri (cotton rat), C. armbrusteri, T. veroensis, and an as-yet undescribed tortoise in the genus Hesperotestudo. Bison sp., whose first appearance defines the Rancholabrean, is absent. Dental characteristics for M. jeffersoni and S. fatalis suggest evolutionary grades early in the temporal distribution of those species, consistent with a late Irvingtonian age. The only strata of remotely comparable age are the correlative Ladson and Canepatch Formations (Edwards et al., 2000) , dated as 400-500 ka (Cronin et al., 1981; Szabo, 1985) . Morgan and Hulbert (1994) assigned an age of 300-500 ka to Coleman 2A, and given the occurrence of interglacial fauna, plus stratigraphic considerations, correlation with isotope stage 11 (i.e., ca. 400 ka) is most likely (Szabo, 1985) . Note that although paleofloral observations are available for late Pleistocene South Carolina, we are unaware of any floral data for ca. 400 ka.
Compositions (see GSA Data Repository) 1 were collected from fossil tooth enamel of saber-toothed cat (Smilodon fatalis), wolf (Canis armbrusteri; related to Canis dirus, the dire wolf), ''camels'' (Hemiauchenia macrocephala and Paleolama mirifica), tapir (Tapirus veroensis), deer (Odocoileus virginianus), and horse (Equus sp.). Orthodentine (''hard'' dentine) from sloth (Megalonyx jeffersoni) was also analyzed, but compositions should be viewed cautiously as diagenetic resistance has not been evaluated. Fossil bones and a tooth of cheetah (Miracinonyx inexpectatus) have been recovered, but no teeth were available for analysis. Modern teeth of deer and horse from near Columbia, South Carolina (Fig. 1) , were analyzed to compare with fossils (Table DR2 ; see footnote 1). It has been supposed that wild mammal compositions may be affected by nursing (e.g., Bryant et al., 1996) . Although this assumption lacks support either from data or modeling (e.g., Kohn et al., 1998) , none of the teeth sampled should have formed during nursing.
Teeth were sampled by removing a strip of enamel along the crown of each tooth, from the occlusal surface to the cervical margin. This strip was subsampled with a spatial resolution of 1.5 mm. For most taxa, this likely represents an interval of a few weeks to a couple of months of tooth growth per subsample (Kohn, 2004) . Note that enamel mineralization rates are unknown for ground sloths, and for carnivores are only well characterized for canines: Ն1 mm/month (Feranec, 2004) . Subsamples were cleaned of adhering dentine, split to 2-3 mg, ground with a mortar and pestle, then chemically processed and analyzed for the ␦ 13 C and ␦ 18 O of the CO 3 component according to the preferred protocols of Koch et al. (1997) Feranec and MacFadden, 2000; Feranec, 2003) . For oxygen, ␦ 18 O values show less variation (5‰), and broadly similar compositions, as expected for temperate settings with moderate to high humidity (Kohn, 1996) . Compositions generally exhibit systematic changes along the length of a tooth, representing preserved isotopic seasonality. This zoning and the clearly resolvable differences in ␦ 13 C values among taxa support an absence of diagenetic alteration; otherwise, isotope compositions would converge and systematic zoning would likely be suppressed.
Modern vs. fossil deer teeth have significantly different ␦ 13 C values, indicating a difference in habitat occupancy. Modern and fossil horse have different ␦ 18 O values, which likely reflect geographic effects on local water compositions.
Statistical measures (Tables DR3, DR4 ; see footnote 1) were used to examine comparability of means (t-tests) and isotopic range (Ftests). For comparing means, more conserva- tive tests (e.g., ANOVA) yield p-values within a factor of ϳ2 for p Ͼ 0.0001. For t-tests, taking p Ն 0.025 indicates compositional groupings for (fossil) O. virginianus ϩ T. veroensis Ϯ M. jeffersoni, for H. macrocephala ϩ S. fatalis, and for modern ϩ fossil Equus sp. For F-tests, taking p Ն 0.05 indicates similarly high compositional variability for modern Equus sp. ϩ fossil Equus sp. ϩ C. armbrusteri ϩ H. macrocephala ϩ modern O. virginianus Ϯ P. mirifica, and similarly low variability for S. fatalis ϩ T. veroensis ϩ fossil O. virginianus Ϯ P. mirifica. All other comparisons yielded significant differences, including t-tests and F-tests for modern vs. fossil deer.
DISCUSSION
One important result of the stable isotope analysis is the wide range of ␦ 13 C values, with specific taxa exhibiting specific ranges of composition. Although there are few samples per taxon, these data nonetheless imply that the region had a range of habitats partitioned by different taxa according to feeding strategy.
We interpret the high and intermediate ␦ 13 C values for Equus sp. as indicating the presence of a grass-dominated habitat, most likely with a mix of C 3 and C 4 grasses. We cannot rule out (C 3 ) browsing (e.g., Berger, 1986; see also Feranec and MacFadden, 2000) or migration between different habitats. Nonetheless, some ␦ 13 C values for fossil Equus sp. approach pure C 4 graze, and in the southeastern United States, C 3 and C 4 grasses always coexist today. The simplest interpretation is that grasslands or savannas were present nearby with a mix of C 3 ϩ C 4 grasses (e.g., Koch et al., 1998) .
In contrast, the lowest ␦ 13 C values for P. mirifica ϩ T. veroensis ϩ O. virginianus imply the presence of closed-canopy (deep) forest, again consistent with Koch et al. (1998) . We interpret the moderate ␦ 13 C values for H. macrocephala to indicate more open woodlands, although the higher values for H. macrocephala suggest mixed feeding (Feranec and MacFadden, 2000; Feranec, 2003) . Because higher ␦ 13 C and ␦ 18 O compositions correlate for H. macrocephala, it is possible that its diet changed seasonally, from winter browse to summer graze. We view M. jeffersoni compositions cautiously, but they are consistent with expectations that it was a forest dweller that browsed on leaves, twigs, and perhaps nuts (Kurten and Anderson, 1980, p. 138) , which would yield low ␦ 13 C and low ␦ 18 O values (Kohn, 1996) . The unusually low isotopic variability could reflect its unusual diet, or alternatively point to diagenetic alteration of orthodentine.
Overall, the carbon isotope data for the herbivores indicate a mix of habitats occupied and partitioned by different speciesgrassland (Equus sp. (Fig. 2; Land et al., 1980; Cormie and Schwarcz, 1994; Clementz and Koch, 2001) , indicating that deer now range at minimum from deep forest to mixed marginal woodland-grassland habitats. The Pleistocene megafauna extinction apparently allowed deer to expand into the newly available niches; conceivably dietary opportunism conferred extinction resistance to deer (Graham and Lundelius, 1984) .
The two carnivores show differences in isotope composition that reflect their diets and presumed habitat preferences. In both cases, ␦ 13 C values ՅϪ10‰ suggest that woodland herbivores were their primary prey. However, S. fatalis appears to have consumed prey from marginal areas between open woodlands and grasslands, whereas C. armbrusteri occupied deeper forest to open woodland. The small vs. large compositional ranges for S. fatalis vs. C. armbrusteri suggest rather restricted vs. more varied diets, i.e., S. fatalis may have consumed prey from marginal areas exclusively, whereas C. armbrusteri hunted and/or scavenged in a larger range of habitats. An open woodland or mixed woodland-grassland habitat for S. fatalis is consistent with limb-bonelength ratios, which strongly suggest it was an ambush predator (Gonyea, 1976; van Valkenburgh and Sacco, 2002) . Similarly low ␦ 13 C values for S. fatalis were interpreted to indicate preferential predation of C 3 consumers at La Brea, California (Feranec, 2004) . However, this inference is not very restrictive ecologically as grasslands containing C 3 , not C 4 , grasses have now been inferred there (Coltrain et al., 2004) , and there is little isotopic distinction among (C 3 ) forests, C 3 grasslands, or mixed open woodland plus C 3 grassland. Our data are the first that unequivocally demonstrate low ␦ 13 C values for S. fatalis and C. armbrusteri, despite the presence of C 4 grasses. Clearly, if these two carnivores did not ex-clusively hunt in the grasslands, then some other carnivore could have exploited this habitat. M. inexpectatus had the limb morphology of a pursuit predator (van Valkenburgh and Sacco, 2002) and likely filled this niche.
In sum, the inferred habitats of late Irvingontonian South Carolina (ca. 400 ka) were likely quite similar to modern conditions, as expected from the comparability of insolation and of deep-sea records at 400 ka vs. today (e.g., Droxler et al., 2003) . The grassland, forest, and deep forest were partitioned among various herbivores and carnivores. Apparently S. fatalis preferred mixed grassland-forest, consistent with limb morphologies, whereas C. armbrusteri preferred forests, but possibly exploited a greater range of habitats.
